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BACKGROUND OF THE APPLICATION 



H 1. Technological Field to Which the Invention Belongs: 



ffi [0001] The invention of the present application relates to a substrate processing 

p 

Li. device suitable for use in the manufacture of display devices, such as liquid crystal 



displays. 

2. Discussion of Related Art: 

[0002] In the manufacture of various display devices, such as liquid crystal 
displays and plasma displays, a process such as surface-processing must be 
administered on a plate-shaped material that forms the base of the device 
(hereinbelow referred to as the substrate). By way of example, in liquid crystal 
displays, a process to form a transparent electrode on the plate surface (surface 
that is not the peripheral surface) of the glass substrate is required. 
[0003] The substrate processing device employed in processing of this kind 
comprises a chamber configured in such a way that it can be pumped out to a 
vacuum or a predetermined gas can be introduced to the inner space because the 
processing of the substrate is performed in a predetermined atmosphere. As 
different processes are continuously performed therein and the pressure must be 
gradually lowered from atmospheric pressure, the configuration that is adopted 
comprises a plurality of chambers. 



[0004] Substrate processing devices of the prior art such as this may, in terms of 
the layout of the chambers, be broadly classified into two types. One is known as 
the inline-type and the other is known as the cluster tool-type. 
[0005] Figure 9 shows the schematic configuration of an inline-type device as a 
typical substrate processing device of the prior art. The inline-type device uses a 
configuration in which a plurality of chambers 2, 3, 11 and 12 are longitudinally- 
provided in a straight line. A carry system, which carries the substrate 9, is 
provided so as to penetrate the plurality of chambers 2, 3, 11 and 12. In addition, 
gate valves 10 are provided between the chambers 2, 3, 11 and 12. 
[0006] The substrate 9 is carried in sequence through the chambers by the carry 
system in a state in which it is mounted on a tray 91 for processing. One of the 
plurality of chambers is a load-lock chamber 1 1 which opens to the atmosphere 
when the substrate 9 is carried in, and another chamber is a load-lock chamber 12 
which opens to the atmosphere when the substrate 9 is carried out. The remaining 
chambers include chambers for processing (hereinbelow, processing chambers) 2. 
In addition, a chamber 3, provided between the processing chamber 2 and the 
load-lock chamber 11 or unload-lock chamber 12, constitutes a pressure- 
adjustment chamber. As there is a large pressure difference between the load-lock 
chamber 11 (or unload-lock chamber 12) and the processing chamber 2, the 
pressure adjustment chamber 3 maintains and adjusts the atmosphere to an interim 
pressure therebetween. 

[0007] As shown in Figure 9, the configuration of the carry system enables the 
movement of the tray 91, on which the substrate 9 is mounted, by the use of carry 
rollers 41. These carry rollers 41 constitute a pair of small disk-shaped members 
provided at both ends of a rotating shaft extending perpendicular with the direction 
of carry in the horizontal direction. The carry system is configured by the 
provision of, in a predetermined interval in the direction of carry, a large number 
of groups of rotating shafts and pairs of carry rollers 41. As is clear from Figure 
9, the substrate 9 is carried and processed horizontally. 



[0008] On the other hand, Figure 10 shows, as another example of a typical 
substrate processing device of the prior art, a schematic configuration of a cluster 
tool-type device. The cluster tool-type device uses a configuration in which, in the 
perimeter of a carry chamber 5 in which a transfer robot 42 is provided in the 
inner part, load-lock chambers 1 1 and a plurality of processing chambers 2 are 
provided. In the example shown in Figure 10, two load-lock chambers 11 are 
provided. In addition, gate valves 10 are provided between the carry chamber 5, 
load-lock chambers 11, and the processing chambers 2. 
[0009] The transfer robot 42 takes out the substrate 9 from one load-lock 
chamber 11 and carries it in sequence to the processing chambers 2. The transfer 
robot 42, following processing, returns the substrate 9 to the other load-lock 
chamber 11. It will be noted that, although the load-lock chamber 1 1 shown in 
Figure 10 performs the unlock load chamber 12 function in the device shown in 
Figure 9, the name "load-lock chamber" is used without alteration. 
[0010] The transfer robot 42 is an articulated type robot. The substrate 9 is 
mounted and carried on the tip-end of the arm thereof. To carry the substrate 9 to 
a predetermined position, the transfer robot 42 performs arm extension and 
contraction, rotation, and a range of vertical movements. The substrate 9 is 
mounted and carried on the arm horizontally. In addition, the substrate 9 is also 
supported and processed horizontally within the processing chamber 2. 
[0011] In substrate processing devices of this kind, at the heart of the demands 
for greater intricacy of the entire process and improvements to the productivity is 
the need for a large number of both different and identical processing steps to be 
able to be continuously performed. That is to say, due to an increased intricacy of 
the entire process, different processing steps must be continuously performed, and 
in order for productivity to be improved, identical processing steps must be broken 
up and performed at the same time. It will be noted that the term "continuously" 
used here refers to the execution of a next processing step without the substrate 
having been taken out into the atmosphere. 



[0012] Because of a need to increase the number of processing steps in this way, 
the substrate processing devices of the prior art described above have the following 
problems. 

[0013] First, in inline-type substrate processing devices, when the number of 
processing chambers is increased in order to increase the number of processing 
steps, the length of the device in the direction of the tray line is lengthened by that 
amount. In inline-type devices, because the substrate is carried in from one side of 
the device and is carried out from the other side, problems of workability and 
efficiency arise when the length of the device is increased and the carry-in position 
and the collection position of the substrate are separated further. In addition, a 
problem arises in that it is difficult for devices that are lengthy to be assembled in 
existing production lines. 

[0014] On the other hand, in cluster tool-type devices, if an attempt is made to 
increase the number of processing chambers, the sides of the center carry chamber 
must be enlarged. There are drawbacks accompanying this in that the 
cross-section of the carry chamber is larger and the occupied area of the device as 
a whole is larger. As the carry chamber is a section that does not directly 
contribute to productivity, an increase in size of this section is undesirable. In 
addition, when the carry chamber is enlarged, there are problems in that the scale 
of the pump system for pumping out the inner space is larger and more expensive. 
Furthermore, when the carry chamber is enlarged, the operation range required of 
the carry robot for carrying the substrate to the chambers increases. As a result, 
the scale of the transfer robot is larger and more expensive and, as a result of a 
lengthening of the arm of the transfer robot, problems in flexibility of the arm and 
reduction of carry precision arise. 

OBJECTS AND SUMMARY 
[0015] The technological significance of the invention of the present application, 
which is designed in order to solve these problems, lies in the fact that it provides 



a substrate processing device that is able to meet the demands of a greater intricacy 
of the process as a whole and improvements in productivity. 
[0016] According to one aspect of the present invention, a substrate processing 
device in which a substrate is carried into the device from one side of the device 
and is inverted in the device to be carried out and returned to the same side is 
provided. The device comprises a plurality of vacuum processing chambers for 
administering a process on the substrate therein are longitudinally provided and 
hermetically connected to each other; and a substrate carry system which passes 
through the vacuum chambers. The substrate carry system includes an outward 
carry line that extends from a first position to an inversion position within the 
device, a return carry line from the inversion position to a second position; and at 
least one of a second outward carry line that extends from the first position to the 
inversion position within the device and a second return carry line from the 
inversion position to the second position, wherein each of the carry lines has a 
different path. 

[0017] According to another aspect of the invention, a substrate processing 
device in which a substrate is carried into the device from one side of the device 
and is inverted in the device to be carried out and returned to the same side is 
provided. The device comprises a load lock chamber for loading and unloading 
the substrate at the same side of the device; a plurality of vacuum processing 
chambers for administering a process on the substrate therein are longitudinally 
provided and hermetically connected to each other; an intermediate chamber 
arranged between the load lock chamber and the plurality of vacuum processing 
chambers; and a substrate carry system which passes through the intermediate 
chamber and the plurality of vacuum chambers. The substrate carry system 
includes an outward carry line that extends from a first position to an inversion 
position within the device, a return carry line from the inversion position to a 
second position; an intermediate line extending from the intermediate chamber to 
the load lock chamber; a branch line in the intermediate chamber along which the 



substrate can be moved from the intermediate line to or from the outward carry 
line and the return carry line; and at least one of a second outward carry line that 
extends from the first position to the inversion position within the device and a 
second return carry line from the inversion position to the second position, 
wherein each of the carry lines has a different path. 

[0018] According to another aspect of the present invention, the aforementioned 
device further includes an inversion chamber arranged at an end of the device 
opposite the load lock chamber and an inversion line in the inversion chamber 
along which the substrate can be moved from the inversion line to or from the 
outward carry line and the return carry line. 

BRIEF DESCRIPTION OF THE DIAGRAMS 
[0019] Figure 1 is a plane schematic view of an embodiment of a substrate 
processing device of the present invention. 

[0020] Figure 2 is a perspective schematic view of a left substrate holder of an 
embodiment of the present invention. 

[0021] Figure 3 is a perspective schematic view of a right substrate holder of an 
embodiment of the present invention. 

[0022] Figure 4 is a cross-sectional schematic view of an intermediate chamber 
7 shown in Figure 1 . 

[0023] Figure 5 is a perspective schematic view of a longitudinal movement 
mechanism and a lateral movement mechanism within the intermediate chamber 7. 
[0024] Figure 6 is a diagram for explaining movement of the substrate holders 
92, 93 along the carry lines 94, 95L, 95R shown in Figure 1. 
[0025] Figure 7 is a cross-sectional schematic view of the processing chamber 
21 shown in Figure 1. 

[0026] Figure 8 is a diagram for explaining the action of a device of an 
embodiment of the present invention. 



[0027] Figure 9 shows a schematic configuration of an inline device as one 
example of a typical substrate processing device of the prior art. 
[0028] Figure 10 shows a schematic configuration of the cluster tool-type device 
as one example of a typical substrate processing device of the prior art. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
[0029] With reference to Figure 1 , a description is given of the entire 
configuration of a preferred embodiment of a substrate processing device of the 
present invention. Figure 1 is a plane-surface schematic view of the preferred 
embodiment. 

[0030] The substrate processing device shown in Figure 1 is a structure in which 
a plurality of vacuum chambers comprising processing chambers 21, 22, 23 for 
administering predetermined processing to a substrate 9 therein are hermetically 
connected. In addition, the device comprises a carry system (not shown in the 
diagram) for transferring the substrate 9 in sequence to the plurality of vacuum 
chambers. 

[0031] Two of the plurality of vacuum chambers form load-lock chambers 11L, 
1 1R with the atmospheric side in which, at times when the substrate 9 is 
introduced and discharged, the substrate 9 is temporarily retained. The two 
load-lock chambers 11L, 11R are arranged on the same side of the system as 
shown in Figure 1. Accordingly, the transfer-in and transfer-out of the substrate is 
performed on the same side of the system. 

[0032] The two load-lock chambers 11L, 11R are provided in lateral alignment. 
An intermediate chamber 7, provided in alignment with the three longitudinally- 
provided processing chambers 21, 22, 23, is provided between the two load-lock 
chambers 11L, 11R. In addition, an inversion chamber 8 is connected to the 
processing chamber 23 on the furthermost side from the intermediate chamber 7. 
The intermediate chamber 7 and inversion chamber 8 are hermetic vacuum 
chambers. 



[0033] These chambers 11L, 11R, 21, 22, 23, 7 and 8 are provided with a 
pumping system not shown in Figure 1 . The pumping system is configured from a 
turbo-molecular pump or chyogenic pump and is capable of pumping out to a 
pressure of the order of 10" 3 to 10" 5 Pa. These chambers 11L, 11R, 21, 22, 23, 7 
and 8 are hermetically connected by way of gate valves 10. A load station not 
shown in the diagram, which constitutes the position for the mounting of the 
unprocessed substrate 9 on the substrate holder and collection of the substrate 9 
that has been processed from the substrate holder is provided at the outer side of 
the load-lock chambers 11L, 11R. 

[0034] A description follows, with reference to Figure 2 and Figure 3, of the 
configuration of the transfer system of the device shown in Figure 1 . 
[0035] In the present embodiment mode, the substrate 9 is carried and processed 
while held vertical or at an angle approaching vertical. More specifically, the 
transfer system comprises a substrate holder which holds the substrate 9 upright in 
such a way that the plate surface thereof forms an angle of holding to the 
horizontal of between 45° and 90° and a horizontal movement mechanism which 
moves the substrate holder in the horizontal direction to carry the substrate 9. 
[0036] In the preferred embodiment, two kinds of substrate holders of slightly 
different configurations are employed. The two types of substrate holders are 
different only in the point that the substrate is held on a different side with respect 
to the direction of carry and, apart from this, the configurations thereof are 
identical. Hereafter, for convenience of explanation, as required, the substrate 
holder which holds the substrate on the left-side with respect to direction of carry 
will be referred to as the left substrate holder, and the substrate holder which holds 
the substrate on the right-side will be referred to as the right substrate holder. 
Figure 2 is a perspective schematic view of the left substrate holder and Figure 3 is 
a perspective schematic view of the right substrate holder. 

[0037] First, a description will be given, with reference to Figure 2, of the left 
substrate holder. 



[0038] A left holding substrate tool 92 shown in Figure 2 is configured 
principally from a horizontal intermediate plate 921, receiver plate 922 fixed to the 
intermediate plate 921, and a support plate 923 extending from below the bottom 
surface of the intermediate plate 921. The intermediate plate 921 is rectangular 
(oblong or square). The bottom edge of the receiver plate 922 is bent and the 
section that is bent (hereinbelow the bottom edge part) is fixed along the left edge 
of the intermediate plate 921. The rest of the receiver plate 922 extends upward. 
The upward-extending section of the receiver plate 922 (hereinbelow the principal 
part) is not vertical and is inclined slightly from the center. That is to say, the 
angle of the principal part of the receiver plate 922 (shown as 6 in Figure 2) with 
respect to the horizontal is formed to be between 45° and 90°. 
[0039] As shown in Figure 2, a square opening 924 is provided in the principal 
part of the receiver plate 922. It is assumed that in the preferred embodiment, a 
square substrate 9 will be carried and processed. The substrate 9 is slightly larger 
than the opening 924 of the receiver plate 922. The bottom edge of the substrate 
9, as shown in Figure 2, is mounted on the bottom edge part of the receiver plate 
922, and is supported by the receiver plate 922 in a form (in a leaning form) in 
which the plate surface has contact with the principal part of the receiver plate 
922. It will be noted that the substrate 9 is held in a position that blocks the 
opening 924 of the receiver plate 922. 

[0040] The plate surface of the substrate 9 on the side that does not contact the 
receiver plate 922 constitutes the nonprocessing surface. In Figure 2, the direction 
of carry of the substrate is the direction, on the paper surface, diagonally upward 
to the right. Accordingly, the left substrate holder 92 is supported so that the plate 
surface that constitutes the nonprocessing surface of the substrate 9 faces to the 
left-side with respect to the direction of the carry. 

[0041] In addition, the upper edge surface of the support plate 923, which 
extends vertically downward, is fixed to the center of the bottom surface of the 
intermediate plate 921. Looking from the side, the support plate 923 and 
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intermediate plate 921 form a T-shape. The direction of the side of the support 
plate 923 fixed to the intermediate plate 921 is parallel to the side of the 
intermediate plate 921, and the upper edge and lower edge of the held substrate 9 
is also parallel therewith. 

[0042] Next, with reference to Figure 3, a description will be given of the 
configuration of the right substrate holder 93. The right substrate holder 93, in the 
same way, is principally configured from a horizontal intermediate plate 931, a 
receiver plate 932 fixed to the intermediate plate 91, and a support plate 933 
extending from below the bottom surface of the intermediate plate 931. As is clear 
by comparison between Figure 2 and Figure 3, the right substrate holder 93 is 
different from the left substrate holder 92 only in terms of the position at which the 
receiver plate 932 is fixed. That is to say, the receiver plate 932 for the right 
substrate holder 93 is fixed to the intermediate plate 931 in such a way as to be 
aligned on the opposite right-side to the receiver plate 922 of the left substrate 
holder 92. In addition, the upper part of the receiver plate 932 of the right 
substrate holder 93 is not vertical and is inclined a little from the center. The 
angle of incline 0 is the same as the receiver plate 922 of the left holding substrate 
tool 92. Apart from this the configurations are identical. 
[0043] In Figure 3, the direction of carry, which is the same as Figure 2, is 
established, in the paper surface, in the upper-right diagonal direction. As is clear 
from Figure 3, the nonprocessing surface of the substrate held by the right 
substrate holder 93 faces toward the left-side with respect to the direction of carry. 
[0044] The horizontal movement mechanism, which moves the above-described 
left substrate holder 92 and right substrate holder 93 horizontally, is provided 
along a carry line established in the horizontal surface. The horizontal movement 
mechanism comprises a longitudinal movement mechanism which moves the 
substrate holders 92, 93 in the direction of the longitudinally-provided processing 
chambers 21, 22, 23 (hereinbelow longitudinal direction), and a lateral movement 
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mechanism which moves the substrate holders 92, 93 in the lateral direction which 
constitutes a direction horizontal and perpendicular to the longitudinal direction. 
[0045] A description will be given, with reference to Figure 2 and Figure 3, of 
the configuration of the longitudinal movement mechanism. The longitudinal 
movement mechanism of the preferred embodiment moves the substrate holders 
92, 93 in the longitudinal direction using a rack and pinion mechanism. More 
specifically, a rack 43 is provided on the side surface of both sides of the support 
plates 923, 933. The direction in which the rack 43 extends, which is the 
horizontal direction, matches the direction of the side of the above-described 
intermediate plates 921, 931. 

[0046] The longitudinal movement mechanism is configured from a plurality of 
pinions 44 that engage with the above-described rack 43, and a pinion drive 
mechanism 45 that drives the pinions 44. The pinion drive mechanism 45 is 
principally configured from drive gears 451 linked to each pinion 44 by way of a 
drive shaft, a timing belt 452 which spans the drive gears 451, a motor 453 linked 
with one drive gear 451, and a bearing 454 which receives the drive shaft of the 
remaining drive gears 451. 

[0047] In Figure 2 and Figure 3, when the motor 453 is operated, the drive 
gears 451 are rotated by way of the timing belt 452, and this rotation is transmitted 
to the pinions 44 by the drive shaft. In addition, the rack 43 is moved directly in 
the horizontal direction by the rotation of the pinions 44, wherein the support 
holders 92, 93 are also moved in a straight line, as a whole, in the longitudinal 
direction. As a result, the substrate 9 held by the substrate holders 92, 93 is 
carried. 

[0048] In addition, as shown in Figure 2 and Figure 3, a guide rail 48 is 
provided which guides the movement of the substrate holders 92, 93 and supports 
the entirety of the substrate holders 92, 93. The guide rail 48 comprises a groove 
which supports the bottom edge of the support plates 923, 933. This constitutes a 
long member in the longitudinal direction of the support substrate tools 92, 93. A 
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bearing or the like, not shown in the diagram, is provided in the inner surface of 
the guide rail 48 which affords a smooth movement of the bottom edge of the 
support plates 923, 933. It will be noted that the adoption of a magnetic levitation 
mechanism is suitable because, if the bottom edge of the support plates 923, 933 
and the guide rail 48 do not contact, it will prevent the generation of dust and 
dregs and so on. 

[0049] The longitudinal movement mechanism of this kind is provided in the 
load station not shown in the diagram, the left and right load-lock chamber 11L, 
11R, the intermediate chamber 7, the processing chambers 21, 22, 23 and the 
inversion chamber 8. The substrate holders 92, 93 are moved in the longitudinal 
direction by the operation of the longitudinal movement mechanism at each 
position as appropriate. 

[0050] Next, a description will be given, with reference to Figure 4, of the 
configuration of the intermediate chamber 7 and inversion chamber 8. Figure 4 is 
a cross-sectional schematic view of the intermediate chamber 7 shown in Figure 1 . 
The configuration of the intermediate chamber 7 and the configuration of the 
inversion chamber 8 are approximately the same. 

[0051] The intermediate chamber 7 is formed as a through-space for carry of the 
substrate 9 between the three longitudinally-provided processing chambers 21, 22, 
23 and the two load-lock chambers 11L, 11R. The inner space of the intermediate 
chamber 7 is pumped out by a pumping system 701. The above-described lateral 
movement mechanism is provided within the intermediate chamber 7. 
[0052] More specifically, as shown in Figure 4, two longitudinal movement 
mechanisms comprising the pinions 44, pinion drive mechanisms 45 and guides 
rail 48 are provided at the left and right within the intermediate chamber 7. The 
lateral movement mechanisms are respectively provided in the left and right 
longitudinal movement mechanisms and are formed to integrally move the 
longitudinal movement mechanisms in the lateral direction in a straight line. In the 
description below, the longitudinal movement mechanism provided in the left-side 
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within the intermediate chamber 7 is taken to be the left-side longitudinal 
movement mechanism 4L, and the longitudinal movement mechanism provided in 
the right-side is taken to be the right-side longitudinal movement mechanism 4R. 
[0053] Figure 5 is a perspective schematic view of the longitudinal movement 
mechanism and lateral movement mechanism within the intermediate chamber 7. 
Figure 5, as one example thereof, shows the right-side longitudinal movement 
mechanism 4R and lateral movement mechanism that moves this in the lateral 
direction. In addition, Figure 5 shows a state in which the right substrate holder 
93 is positioned on the right-side longitudinal movement mechanism 4R. 
[0054] As is shown in Figure 4, the lateral movement mechanism is configured 
from base plates 46, in which the longitudinal movement mechanisms 4L, 4R are 
fixed on the upper surface, guide rods 475, 476 fixed to the base plate 46, and 
straight-line drive sources 477, 478 which drive the base plates 46 in a straight line 
by way of the guide rods 475, 476. The assembly of an air cylinder or motor and 
ball screw or the like is used in the straight-line drive sources 477, 478. 
[0055] The base plates 46, in which the vertical drive mechanisms are fixed, are 
horizontally provided on the same horizontal surface. As shown in Figure 4 guide 
rods 471 are provided at the bottom side of the base plates 46. As shown in 
Figure 5, the guide rods 471, provided in parallel, extend in the lateral direction. 
The interval between the two guide rods 471 is slightly shorter than the width of 
the base plates 46. In addition, linear bearings 472, in which the guide rods 471 
are inserted, are provided at the bottom surface of the base plates 46. The linear 
bearings 472 are provided at the bottom surface of the base plates 46 in the four 
corners thereof. 

[0056] In addition, as shown in Figure 4, a right-side drive rod 475 is fixed to 
the right edge of the base plate 46 of the right-side movement mechanism 4R by 
way of a right-side fixing plate 473, and a left-side drive rod 476 is fixed to the 
left edge of the base plate 46 of the left-side longitudinal movement mechanism 4L 
by way of a left-side fixing plate 474. A right-side straight-line drive source 477 
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such as an air cylinder is connected to the right-side drive rod 475, and a similar 
left-side straight-line drive source 478 is connected to the left-side drive rod 476. 
It will be noted that the left and right straight-line drive sources 477, 478 are 
provided at the outer side of the intermediate chamber 7. The left and right drive 
rods 475, 476 pass through the intermediate chamber 7 (not shown in Figure 4 and 
Figure 5) to link with the straight-line drive sources 477, 478. A vacuum seal not 
shown in the diagram, such as a mechanical seal that employs a magnetic fluid, is 
provided in the position of penetration of the drive rods 475, 476. 
[0057] When the right-side straight-line drive source 477 is operated, the whole 
of the right-side longitudinal movement mechanism 4R, while guided by the guide 
rod 471, is moved in a straight line in the lateral direction by way of the right-side 
drive guide rod 475. As a result, the substrate holder 93 on the right-side vertical 
drive mechanism 4R is also integrally moved, and the substrate 9 supported on the 
substrate holder 93 is carried in this direction. In addition, when the left-side 
straight-line drive source 478 is operated, the whole of the left-side longitudinal 
movement mechanism 4L, while being guided by the guide rod 471, is moved in a 
straight line in the lateral direction by way of the left-side drive rod 476. As a 
result, the substrate holder 92 on the left-side longitudinal movement mechanism 
4L is integrally moved, and the substrate 9 held on the substrate holder 92 is 
carried in this direction. It will be noted that the inversion chamber 8 comprises a 
similar configuration to the lateral movement mechanism within the intermediate 
chamber 7 described above. 

[0058] Next, a description will be given, again with reference to Figure 1, of the 
carry line based on the carry system of the above-described configuration. The 
device of the preferred embodiment is an interback-type device in which the 
substrate 9 within the device is inverted and returned to the same side. In the 
description of the transfer line given below, the transfer line to the position of 
inversion is called the outward transfer line, and the transfer line from the position 
of the inversion to return is called the return transfer line. 
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[0059] As shown in Figure 1, although there is one outward transfer line 94, the 
return transfer line branches to the left and right in the inversion chamber. 
Hereafter, the branched return transfer line on the left-side will be referred to as 
the left-side return transfer line 95L, and the return transfer line on the right-side 
will be referred to as the left-side return transfer line 95R. 
[0060] As shown in Figure 1 , the outward carry line 94 and the two return 
transfer lines 95L, 95R are parallel. In addition, both return transfer lines 95L, 
95R are parallel with each other. In addition, the three transfer lines 94, 95L and 
95R are established so as to pass through the three longitudinally-provided 
processing chambers 21, 22, and 23. 

[0061] In the preferred embodiment, although the left substrate holder 92 and 
right substrate holder 93 are moved to the position of inversion through the same 
outward transfer line 94, the left substrate holder 92 returns to the intermediate 
chamber 7 through the left-side return transfer line 95L, and the right substrate 
holder 93 returns to the intermediate chamber 7 through the right-side return 
transfer line 95R. 

[0062] Figure 6 is a diagram for explaining the movement of the substrate 
holders 92, 93 along the transfer lines 94, 95L and 95R. Figure 6 (1) indicates the 
movement of the left substrate holder 92 and Figure 6 (2) indicates the movement 
of the right substrate holder 93. First, a description will be given, with reference 
to Figure 6 (1), of the movement of the left substrate holder 92. Although the left 
substrate holder 92 is transferred through fundamentally the same transfer line 
within the device, two transfer lines are provided between the atmospheric side 
and intermediate chamber 7 side. That is to say, a transfer line which performs 
transfer-in and transfer out by way of the left-side load unlock chamber 11L is 
shown by the straight line in Figure 6 (1), and a transfer line which performs 
transfer-in and transfer out by way of right-side load unlock chamber 11R is 
shown by the dotted line. 
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[0063] A description will be given of the movement of the left substrate holder 

92 through, as an example, the left load unlock chamber 11L shown by the straight 
line. The left substrate holder 92 is moved to the intermediate chamber 7 passing 
from a load station not shown in the diagram through the left-side load unlock 
chamber 11L. After this it veers to the right within the intermediate chamber 7 
and reaches a center position within the intermediate chamber. The left substrate 
holder 92 is moved from the center position within the intermediate chamber along 
the outward transfer line 94 and passes through the center of the three processing 
chambers 21, 22, 23 in sequence before reaching the center of the inversion 
chamber 8. After this it veers to the left side in the lateral direction in the 
inversion chamber 8 before reaching a position slightly to the left within the 
inversion chamber 8. After this it is moved from the position at the left of the 
inversion chamber 8 along the left-side return transfer line 95L and passes through 
the three processing chambers 23, 22, 21 in sequence before reaching a position at 
the left in the intermediate chamber 7. After this it is returned to the load station, 
not shown in the diagram, passing from the position at the left in the intermediate 
chamber through the left-side load-lock chamber 11L. 

[0064] The movement of the right substrate holder 93 between the atmosphere 
and the intermediate chamber 7 is, similarly, performed by way of either of the 
load-lock chambers 11L, 11R. That is to say, the line passes through the 
right-side load-lock chamber 1 1R as shown by the straight line in Figure 6 (2) or 
through the left-side load-lock chamber 11L as shown by the dotted line. A 
description will be given of the movement of the right substrate holder 93 through, 
as an example, the right-side load-lock chamber 11R. 

[0065] As shown by the straight line in Figure 6 (2), the right substrate holder 

93 is moved to a position within the intermediate chamber 7 after passing through 
the right-side load-lock chamber 11R from a load station not shown in the 
diagram. After this it veers to the left within the intermediate chamber 7 before 
reaching a center position within the intermediate chamber 7. After this the right 
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substrate holder 93 is moved from the center position within the intermediate 
chamber along the outward carry line 94 passing through the center of the three 
processing chambers 21, 22, 23 in sequence before reaching the center of the 
inversion chamber 8. After this it veers to the right-side in the lateral direction in 
the inversion chamber 8 before reaching a position to the right within the inversion 
chamber 8. After this, it is moved from the position to the right of the inversion 
chamber 8 along the right-side return carry line 95R passing through the three 
processing chambers 23, 22, 21 in sequence before reaching a position at the right 
of the intermediate chamber 7. After this it passes from the position at the right of 
the intermediate chamber 7 through the right-side load-lock chamber 11R to return 
to a load station not shown in the diagram. 

[0066] Next, with reference to Figure 7, a description will be given of the 
configuration within the processing chambers 21, 22, and 23. Figure 7 is a 
cross-sectional schematic view of the processing chamber 21 shown in Figure 1. 
[0067] As shown in Figure 7, a pumping system 201 and gas-introducing system 
202 are provided to maintain the inner part of the processing chamber 21 at a 
predetermined atmosphere. In addition, the processing chamber 21 comprises a 
processing means 203 that enables processing to be performed on the substrate 9 
positioned therein. 

[0068] The configuration of the processing means 203 is optimized in 
accordance with the details of the processing to be performed on the substrate 9. 
By way of example, where a film is to be deposited by sputtering, a sputtering 
cathode is provided as the processing means 203. The sputtering cathode includes 
a cathode provided to be exposed to a sputtering surface within the processing 
chamber 21, and a magnetic unit provided at the rear of the target. The magnetic 
unit performs magnetron sputtering. Connection is provided to a sputtering power 
source for imparting a negative direct current voltage or high frequency voltage to 
the target. When a negative direct current voltage or high frequency voltage is 
imparted to the target while a sputtering gas such as argon is introduced by a gas- 
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introducing system, a sputtering discharge is produced and the target is sputtered. 
The thin-film of target material that has been sputtered reaches the surface of the 
substrate 9, and the thin-film of the target material is accumulated thereon. For 
uniformity of this process, it is preferable that the target be provided parallel with 
the substrate 9. 

[0069] In addition, the adoption of a configuration for performing film-deposited 
processing using CVD (chemical vacuum deposition) is available. The 
configuration in this case is a gas-introducing system that introduces a source gas 
to be used for film deposition using a gas-phase reaction. Where plasma CVD is 
to be performed, a plasma formation means for forming source gas plasma is 
adopted as the processing means 203. Where plasma is formed using high 
frequency discharge, a high frequency discharge in which there is connection with 
p| a high frequency power source is adopted as the plasma formation means. It is 

■ preferable that this high frequency electrode, in order to produce uniform 

|=sS: 

Rj processing, be provided parallel with the substrate 9. A gas-phase reaction within 

s a the source gas plasma is used and a thin-film is produced on the surface of the 

p substrate 9. By way of example, where an amorphous silicon film is to be 

produced, a mixture of silane and hydrogen gas is introduced as the source gas, 
and a hydrogenated amorphous silicon film is produced on the surface of the 
substrate by the plasma CVD. In addition to this, film-deposition using heated 
CVD is also available. 

[0070] Etch processing is also available. Where etch processing is performed, a 
gas that has an etch action, such as a fluorine-based gas, is introduced. When 
plasma etch is performed, similarly, the plasma is formed using a high frequency 
discharge, and etching of the surface of the substrate 9 using active species or ions 
generated within the plasma is performed. In this case, similarly, the processing 
means 203 may be a high frequency electrode. 

[0071] A significant feature of the processing chamber 21 of the preferred 
embodiment lies in the provision of a heater 204 which can heat the substrates 
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positioned on the outward carry line 94. The substrate 9 positioned on the return 
carry lines 95L, 95R is processed. That is to say, as shown in Figure 7, a heater 
204 is provided within the processing chamber 21. 

[0072] A ceramic heater is used as the heater 204 in the preferred embodiment. 
The heater 204 is a panel type and is affixed to the upper wall part of the 
processing chamber 21 by a heater attachment 205. The heater attachment 205 
attaches two heaters 204. The two heaters 204 are arranged surface-symmetrically 
with respect to a vertical surface passing through the center of the processing 
chamber 21. In addition, the left-side heater 204 is affixed to be parallel to the 
substrate 9 held on the left substrate holder 92, and the right-side heater 204 is 
attached to be parallel to the substrate 9 held on the right-side holder 93. 
[0073] It will be noted that, as shown in Figure 7, three movement mechanisms 
4c, 41 and 4r are provided in the processing chamber 21. The center longitudinal 
movement mechanism 4c is used to carry the substrate holder 92, 93 along the 
outward carry line 94 shown in Figure 6. In addition, the left-side longitudinal 
movement mechanism 41 carries the left substrate holder 92 along the left-side 
return carry line 95L shown in Figure 6, and the right-side longitudinal movement 
mechanism 4r carries the right-side carry tool 93 along the right-side return carry 
line 95R shown in Figure 6. 

[0074] The configurations of the second and third processing chambers 22, 23 
are the same as the first processing chamber shown in Figure 7. It will be noted 
that, it goes without saying, a processing means different from that of the first 
processing chamber 21 can be used as the processing means 203. 
[0075] Next, with reference to Figure 8, a description will be given of the 
operation of the entire device of the present embodiment mode pertaining to the 
above-described configuration. Figure 8 is a diagram for explaining the operation 
of the device of the present embodiment mode. In Figure 8, the operation 
advances in the order of (l)-(4) are as shown. The device of the preferred 
embodiment, as is clear from the description provided above, performs processing 
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by mounting substrates 9 on the substrate holders 92, 93, and transferring the 
substrate holders 92, 93 in sequence through the chambers 11L, 11R, 7, 21, 22, 
23 and 8. In the description given below, the state shown in Figure 8 (1) is 
described as the initial state. 

[0076] In the state shown in Figure 8 (1), within the first processing chamber 
21, a left substrate holder 92 is positioned on the left-side return transfer line 95L, 
a right substrate holder 93 is positioned on the right-side return transfer line 95R, 
and another left substrate holder 92 is positioned on the outward transfer line 94. 
In the second processing chamber 22, a left substrate holder 92 is positioned on the 
left-side return transfer line 95L, a right substrate holder 93 is positioned on the 
right-side return transfer line 95R, and a right substrate holder 93 is positioned on 
the outward transfer line 94. In the third processing chamber 22, a left substrate 
holder 92 is positioned on the left-side return transfer line 95L, a right substrate 
holder 93 is positioned on the right-side return carry line 95R, and a left substrate 
holder 92 is positioned on the outward carry line 94. 

[0077] In addition, in the intermediate chamber 7, a left substrate holder 92 is 
positioned in a position at the left thereof, and a right substrate holder 93 is 
positioned in a position at the right thereof. The substrate holders 92, 93 
positioned in the intermediate chamber 7 hold unprocessed substrates 9. 
[0078] In the state shown in Figure 8 (1), processing is performed on the 
substrates 9 within the processing chambers 21, 22, 23. That is to say, the 
substrates 9 held on the left substrate holders 92 on the left return carry line 95L 
and the substrates 9 held on the right substrate holders 93 of the right return carry 
line 95R are simultaneously processed in the processing chambers 21, 22, 23. At 
this time, characteristically, heat processing is simultaneously performed using the 
heater 204 on the substrates 9 held on the substrate holders 92, 93 on the outward 
line 94. 

[0079] At a later time, the device is in the state shown in Figure 8 (2). That is 
to say, the left substrate holder 92 on the outward carry line 94 within the third 



• 



-21- 

processing chamber 23 moves to the chamber 8 and veers to the left, and then 
stops at a position to the left within the inversion chamber 8. In addition, the right 
substrate holder 93 on the outward carry line 94 within the second chamber 22 
reaches the inversion chamber 8 by way of the third processing chamber 23 and 
veers to the right, and then stops at a position to the right within the inversion 
chamber 8. 

[0080] Next, as seen in Figure 8 (3), the left substrate holder 92 on the outward 
carry line 94 within the first processing chamber 21 progresses along the outward 
carry line 94 by way of the second processing chamber 22 to the third processing 
chamber 23. The right substrate holder 93 in the position at the right of the 
intermediate chamber 7 progresses from the center position of the intermediate 
chamber along the outward carry line 94 and, by way of the first processing 
chamber 21, progresses to the second processing chamber 22. Next, the left 
substrate holder 92 in a position at the left within the intermediate chamber 7 
passes through the center position of the intermediate chamber 7 and progresses to 
the outward carry line 94 within the first processing chamber 21. As a result, the 
device forms the state shown in Figure 8 (3). 

[0081] Next, as seen in Figure 8 (4), the left substrate holder 92 on the left 
return carry line 95L within the first processing chamber 21 advances forward to 
move to a position at the left of the intermediate chamber 7. Simultaneously, the 
right substrate holder 93 on the right return carry line 95R within the first 
processing chamber 21 advances forward to move to a position to the right within 
the intermediate chamber 7. 

[0082] Following this, the left substrate holder 92 on the left return carry line 
95L within the second processing chamber 22 advances forward to move into the 
first processing chamber 21. Simultaneously, the right substrate holder 93 on the 
right return carry line 95R within the second processing chamber 22 advances 
forward to move into the first processing chamber 21. 
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[0083] Furthermore, following this, the left substrate holder 92 on the left return 
carry line 95L within the third processing chamber 23 advances forward to move 
into the second processing chamber 22. Simultaneously, the right substrate holder 
93 on the right-side return carry line 95R within the third processing chamber 23 
advances forward to move into the second processing chamber 22. 
[0084] Following this, the left substrate holder 92 in the inversion chamber 8 
moves to the third processing chamber 23 along the left return carry line 95L, 
while the right substrate holder 93 in the inversion chamber 8 moves to the third 
processing chamber 23 along the right return carry path 95R. As a result, the 
state shown in Figure 8 (4) formed. 

[0085] In the state shown in Figure 8 (4), because the processing of the 
substrates 9 which are supported by the substrate holders 92, 93 within the 
intermediate chamber 7 has been completed, a carry-out operation is performed to 
discharge the substrate outside the device. By way of example, as described 
above, the left substrate holder 92 within the intermediate chamber 7, by way of 
the left-side load-lock chamber 11L, is carried out to a load station not shown in 
the diagram on the atmospheric side, and the right substrate holder 93, by way of 
the right-side load-lock chamber 11R, is carried out to a load station not shown in 
the diagram on the atmospheric side. 

[0086] Following this, in the load station not shown in the diagram, unprocessed 
substrates 9 are respectively mounted on the left substrate holder 92 and the right 
substrate holder 93. In addition, these substrates are carried into the device by 
way of either the load-lock chamber 11L or 11R. The two substrate holders 92, 
93 reach the intermediate chamber 7 wherein the state shown in Figure 8 (1) is 
formed again. In this state, the next stage of processing is performed. In addition, 
when the processing has been completed, the operations of Figure 8 (2)-(4) are 
repeated again. It will be noted that, from the viewpoint of improvements to 
productivity, it is preferable that the carry-in and carry-out operation of the 
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substrate 9 be performed in parallel throughout the processing in the processing 
chambers 21, 22, and 23. 

[0087] In this way, in each stage, the left substrate holders 92 and the right 
substrate holders 93 which hold only processed substrates 9 are carried out from 
the device, and the left substrate holder 92 and right substrate holder 93 which 
hold the unprocessed substrates 9 are carried into the device. In addition, the 
unprocessed substrates 9, in the left or right return carry lines 95L, 95R, are 
moved in sequence from the third processing chamber 23, second processing 
chamber 22 and first processing chamber 21 in each single stage time, whereby 
processing is continuously performed. 

[0088] Furthermore, the substrate holders 92, 93 which hold the unprocessed 
substrates 9 are positioned on either the first, second or third processing chambers 

21, 22, 23 on the outward carry line 94, wherein a heating of the substrates 9 
therein is performed. This heating is a pre-heating that heats the substrate 9, prior 
to processing, to a predetermined temperature. In this substrate processing, for 
reasons such as increasing the processing speed, the processing must be performed 
in a state in which the substrate 9 is heated to a predetermined temperature higher 
than room temperature. In a case, where heating is performed after the substrate 
has been carried into the processing chambers 21, 22, 23, time is required for the 
processing to begin again and productivity is lowered. However, in the 
configuration of the preferred embodiment, because pre-heating is performed on 
the outward carry line 94 prior to processing within the processing chambers 21, 

22, 23 there is no reduction in productivity. 

[0089] It will be noted that, as is clear from the above description, the substrate 
held on the left substrate holder 92 is heated in the first processing chamber 21 and 
third processing chamber 23 (that is to say, it is heated for two-stage time period). 
On the other hand, the substrate 9 held on the right substrate holder 93 is heated 
for a single stage time period only within the second processing chamber 22. 
Accordingly, from the viewpoint of uniformity of heating, it is preferable that the 
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heat amount based on the heater 204 within the first and third processing chambers 
21, 23 be half that of the heater 204 within the second processing chamber 22. 
However, if four processing chambers are provided, because the substrate 9 of the 
substrate holders 92, 93 is heated for the same 2-stage time, the heat amount of the 
heaters 204 may be the same. 

[0090] In the above-described operation, although the gate valves 10 are opened 
as the substrate holders 92, 93 are passed through, at other times they are closed. 
In addition, it is preferable that, prior to the opening of the gate valves 10, the 
processing chambers 21, 22, 23 are adequately pumped out by a pumping system. 
This is to prevent dispersion of atmospheric gases to the other chambers. 
[0091] In addition, in the above-described operation, the movement of the 
substrate holders 92, 93 in the longitudinal direction is performed by the above- 
described longitudinal movement mechanism. That is to say, the pinion drive 
mechanisms 45 are operated simultaneously to move the substrate holders 92, 93. 
The movement in the lateral direction of the substrate holders 92, 93 in the 
intermediate chamber 7 and the inversion chamber 8 is performed by the above- 
described lateral movement mechanism. 

[0092] In addition, where movement in the lateral direction is performed 
following movement in the longitudinal direction (or the reverse thereof), two 
longitudinal movement mechanisms are driven so as to form a straight line on the 
longitudinal-direction transfer lines. This point describes, by way of example, the 
case where the left substrate holder 92 that holds the unprocessed substrate 9 is 
moved to the first processing chamber 21 through the center positions of the 
left-side load lock chamber 11L and intermediate chamber. 

[0093] The left-side movement mechanism 4L shown in Figure 4 is positioned in 
advance in a position aligned on the same linear line as the longitudinal movement 
mechanism within the left-side load lock chamber 1 1L. In this state, the 
longitudinal movement mechanism within the left-side load lock chamber 11L and 
the left-side longitudinal movement mechanism 4L within the intermediate 
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chamber 7 are simultaneously operated, wherein the left substrate holder 92 is 
transferred to the left-side movement mechanism 4L within the intermediate 
chamber 7 from the longitudinal movement mechanism within the left-side load 
lock chamber 11L. At the point when the substrate holder 92 reaches a 
predetermined position on the base plate 46 of the left-side longitudinal movement 
mechanism 4L, the operation of the pinion drive mechanisms 45 is stopped. 
[0094] In addition, the left-side straight-line drive source 478 shown in Figure 4 
is operated again, and the substrate holder 92 is shifted to a center position of the 
intermediate chamber 7. By virtue of this, the center longitudinal movement 
mechanism 4c within the first processing chamber 21 and the left-side longitudinal 
movement mechanism 4L within the intermediate chamber 7 are aligned in one 
line. In this state, the longitudinal movement mechanism 4c within the first 
processing chamber 21 and the left-side longitudinal movement mechanism 4L 
within the intermediate chamber 7 are simultaneously operated, and the left 
substrate holder 92 is transferred into the first processing chamber 21. 
[0095] In the above-described operation, although the left-side load lock 
chamber 11L is used for carry-in and transfer out of the substrate 9 that is held by 
the left substrate holder 92, and the load lock chamber 11R is used for transfer-in 
and transfer out of the substrate 9 held by the right substrate holder 93, this is not 
limited thereto. The left load-lock chamber 11L may be used for carry-in of the 
unprocessed substrate 9, and the right-side load lock chamber 11R may be used for 
the transfer-out of the processed substrate 9. There are no limitations to the left 
and right substrate holders 92, 93 and they may be employed jointly for both 
transfer-in and transfer out of the substrate. 

[0096] The device of the preferred embodiment pertaining to the configuration 
and action described above comprises the following noteworthy technological 
significance. 

[0097] First, the device of the preferred embodiment is, as described above, an 
interback-type, that is to say, the configuration is one in which the substrate 9 is 
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inverted within the device and returned to the same side. In an interback-type 
device, the transfer-in and transfer-out of the substrate is performed in the device 
on the same side of the substrate. Accordingly, this has merit in that assembly on 
existing manufacturing lines is simple. 

[0098] However, in interback-type devices of the prior art, because the substrate 
9 is returned through the same carry line, where a plurality of processing 
chambers are longitudinally-provided, repetition of exactly the same kind of 
processing is excluded and processing cannot be performed within the processing 
chambers during the return of the substrate 9. Accordingly, interback-type devices 
have been widely employed in only limited use, such as experimental devices. 
[0099] There are additional drawbacks with interback-type devices of the prior 
art in that, when the number of processing steps is increased to increase the 
number of processing chambers, in the same way as inline-type devices, the length 
in the line direction is increased. In the configuration of the preferred 
embodiment, the number of processing steps can be increased without an increase 
to the length in the line direction. Within interback-type device carry lines, the 
return carry line is a path that is different than the outward carry line 94, and the 
return carry line is branched in plurality. By the adoption of the return carry line 
as a path that is different than the outward carry line 94, processing can be 
performed on the substrate 9 irrespective of whether the processing is the same or 
different on the return carry line, and the number of processing steps can be 
increased. In addition, and because the return carry line thereof is divided into 
two branches, processing can be performed when the substrates 9 are passed 
through the two return carry lines 95L, 95R and returned, and productivity can be 
significantly increased. 

[00100] It will be noted that, the configuration may be one in which the return 
carry lines 95L, 95R are a different path than the outward carry line 94, wherein 
an effect of an increased number of processing steps is obtained. However, in 
another embodiment, the right-side return carry line 95R may be dispensed with 
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and all the substrates may be returned through a left-side carry line 95L. In 
addition, in this case, only left substrate holders 92 are used. 
[00101] In addition, the configuration in which the outward carry line 94 and 
return carry lines 95L, 95R are parallel is technologically significant in that the 
layout of the chambers is reformed, and an unnecessary increase in occupied space 
in the lateral direction is suppressed. Similarly, the point whereby the branched 
return carry lines 95L, 95R are parallel with each other is technologically 
significant in that the layout of the chambers is reformed and an unnecessary 
increase of the occupied space in the lateral direction is suppressed. Nevertheless, 
the adoption of nonparallel outward carry line 94 and return carry lines 95L, 95R, 
and a nonparallel branched outward carry line 94 or return carry lines 95L, 95R is 
not excluded from the invention of the present application. 
[00102] In addition, in the preferred embodiment, as described above, the 
outward carry line 94 and return carry lines 95L, 95R are established so as to pass 
through the same processing chambers 21, 22, 23, and heat-processing is 
performed in the outward carry line 94. This configuration has technological 
significance in that an increase in the number of chambers is suppressed and a 
resultant increase in complexity of the structure of the device is avoided. 
[00103] It is normal for, where the number of processing steps is increased, the 
processing chambers to be increased by that amount. In the configuration of the 
present embodiment mode, the division of the processing chambers 21, 22, 23 into 
three lines in the lateral direction and the adoption of a total of nine processing 
stations has been considered. In this case, a pumping system and gas-introducing 
system may be separately provided in the processing chamber to independently 
control the atmospheric gas, respectively different processing can be performed 
(however, in reality, because the processing chambers on the return transfer lines 
95R, 95R perform the same processing on both sides, the number of processing 
steps is increased by three to six). 
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[00104] However, when the processing chambers are increased in this way, the 
structure is more complex and the number of openings and closings of the gate 
valves and so on is increased, resulting in a more complex operation. In the 
preferred embodiment, because the processing of the outward transfer line 94 is 
limited to heat processing, the number of processing steps is increased without an 
increase in the number of processing chambers. Naturally, dependent upon the 
type of gas used in the processing chambers 21, 22, and 23, there may be 
problems during heating such as soiling of the substrate 9. 
[00105] By way of example, where a chemically active gas is used in the 
processing chambers and, when the substrate 9 is heated on the outward transfer 
line 94, sometimes a modification of the surface of the substrate occurs which is 
caused by a gas-phase reaction or the like. When this becomes a problem the 
adoption of the configuration of the preferred embodiment is difficult. However, 
in the case where a chemically stable gas such as nitrogen or argon is used and the 
substrate 9 is a comparatively stable material such as glass, the configuration of 
the preferred embodiment can be effectively adopted. 
[00106] It will be noted that the above-described effects of simplifying the 
structure and operation will be obtained if the outward carry line 94 and at least 
one of the return carry lines are established to pass through a common processing 
chamber. However, the effect thereof is further enhanced when these lines are 
established so as to pass through three common processing chambers 21, 22, and 
23 as in the preferred embodiment. 

[00107] In addition, in the above-described preferred embodiment, although the 
process performed on the return carry lines 95L, 95R may require heating, a 
cooling process may also be performed thereon. For performing this cooling 
process, configurations have been considered in which a low-temperature block 
cooled to a predetermined low-temperature is brought into contact with the 
substrate holders 92, 93 and cooling is provided through the substrate holder 92, 
or in which direct cooling is performed by contact of the low-temperature block 
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with the rear surface of the substrate 9. It will be noted that there are cases in 
which, based on the contents of the processing, processing other than heating or 
cooling can be performed on the outward carry line 94 and return carry lines 95L, 
95R within the same processing chambers 21, 22, 23. 

[00108] In addition, in the above-described preferred embodiment, although the 
return carry lines are branched in two, the outward carry line 94 may also be 
branched, wherein both outward and return lines may be branched. Furthermore, 
in the above-described preferred embodiment, although the branched return carry 
lines 95L, 95R are positioned on both sides of the outward carry line 94, the 
branched return carry lines 95L, 95R may be positioned on one side of the return 
carry lines 95L, 95R. 

[00109] It will be noted that the heat-processing or cooling-processing of the 
substrate 9 may be performed in the return carry lines 95L, 95R. More 
particularly, this refers to a configuration in which processing such as film 
formation is performed on the outward carry line 94 and which, in actual 
application, cooling-processing is performed on the return lines 95L, 95R. 
[00110] The configuration in which the substrate 9 is carried and processed in a 
state in which it is held vertical or at an angle approaching the vertical comprises a 
marked effect in terms of suppression of increase of the occupied space of the 
device. That is to say, because the substrate 9 is carried and processed in a state 
in which it is vertical or at an angle approaching the vertical, the occupied space of 
the load-lock chamber 11L, 11R, intermediate chamber 7 and processing chambers 
21, 22, 23 is notably less by comparison with a case in which the substrate 9 is 
horizontally carried and processed. More particularly, where the substrate 9 is 
carried and processed horizontally, the substrate 9 is enlarged and so the occupied 
space of the chambers must be enlarged by that amount and, in the preferred 
embodiment, even though the space in the longitudinal direction must be 
increased, the occupied space is, essentially, not enlarged. For this reason, the 
occupied space of the entire device is not enlarged. 
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[00111] There are many instances in which devices such as that of the preferred 
embodiment are deployed in clean rooms. The increase in the occupied space of 
the device has a drawback in that it leads to the necessity for a clean room larger 
by that amount, as well as an increase in working costs and running costs. The 
device of the preferred embodiment is advantageous in terms of reduction of the 
work costs and running costs of the clean room because the increase in the 
occupied space is suppressed. 

[00112] In addition, the configuration in which the substrate 9 is carried and 
processed in a state in which it is held vertical or approaching the vertical has 
U noteworthy technological significance in terms of its improvement to the 

y.. prevention of warp of the substrate 9. That is to say, in the present embodiment 

J; mode, because the substrate 9 described above is mounted and held in a state in 

C j which it leans with respect to the substrate holders 92, warp thereof, due to its 

■ own weight, which occurs when it is held horizontally does not occur. For this 

hi reason, there are no concerns about, for example, performance damage to the 

f ! : product of nonuniform processing and display blotches, and cracks of the substrate 

D due to nonuniform residual inner part stresses. 

[00113] Furthermore, the configuration in which the substrate 9 is carried and 
processed in a state in which it is held vertical or approaching vertical has 
technological significance in that the maintenance of the device is easier. As 
described above, although it is necessary to provide an opening and closing door 
for maintenance of the inner part in the chambers from which the device is 
configured, because the occupied space of the chambers is less, even if the 
opening/closing door is provided in the upper plate part, the opening/closing door 
will not be that much larger. In addition, because the plate surface of the substrate 
9 faces the side direction, the opening/closing door may be provided in the side 
plate part of the chamber and, in this case, the opening and closing is easy even if 
a large opening/closing door is provided. 
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[00114] In the above-described embodiment an angle of holding 0 of the substrate 
9 of between 45° and 90° is adopted. When the angle is 45° or less, this is nearer 
the horizontal and the technological benefit described above is not as good. It will 
be noted that, although it is more preferable that 0 be an angle in the range of 
between 70° to 85°. When it is 85° or more, in the state in which it leans with 
respect to the substrate holding part 92, there are concerns that the holding of the 
substrate 9 may be inadequate. In other words, the possibility that the substrate 9 
will fall due to some kind of shock is increased. Although a separate provision of 
a clamp mechanism or the like which pushes the substrate 9 against the substrate 
holding 92 is possible in order to prevent this, this has a drawback in that the 
structure is more complex, and in that the attachment and the detachment operation 
of the substrate 9 is more complex. In addition, when the angle is increased to 
more than 70°, the technological significance of the above-described vertical 
holding is enhanced. 

[00115] In addition, the point in which the substrate holders 92, 93 within the 
intermediate chamber 7 and inversion chamber 8 can be moved in the lateral 
direction in addition to the longitudinal direction is closely related to the 
configuration of the above-described carry line. First, with reference to the 
intermediate chamber 7, because the paths of the outward carry line 94 and return 
carry lines 95L, 95R are different, the substrate 9 must be collected from the line 
on which the substrate 9 is provided, and so the substrate holders 92, 93 must be 
moved in the lateral direction. 

[00116] In addition, in the inversion chamber 8 as well, movement in the lateral 
direction is required in order to perform the inversion operation to a different path. 
Inversion is possible by an operation that affords a 180° inversion of the substrate 
holders 92, 93 around a vertical rotating axis. 

[00117] In addition, the distance over which it is possible for the substrate 
holders 92, 93 within the intermediate chamber 7 to be moved in the lateral 
direction has technological significance in that the number of load-lock chambers 
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can be increased. That is to say, as in the preferred embodiment, in the case 
where movement of the substrate 9 in the lateral direction is possible, as in the left 
and right load-lock chambers 11L, 11R, a plurality of load-lock chambers can be 
provided in lateral alignment with respect to the intermediate chamber 7 (parallel 
alignment). When this is done, the efficiency of the carry-in carry out operation of 
the substrate with the atmospheric side is improved and, as a result, the 
productivity of the device is also improved. 

[00118] In addition, in the same way, two or more groups of longitudinally- 
i j provided processing chamber groups or two or more processing chambers in the 

Ci lateral direction can be connected to the intermediate chamber. For this reason, 

o 

N the number of processing chambers can be further increased and the number of 

m 

*j\ processing steps can be increased. 

p [00119] In addition, as in the preferred embodiment, the configuration in which 

E the substrate holders 92, 93 are able to be moved in the lateral direction within the 

r~ 

ftJ intermediate chamber 7 has technological significance in that a buffer function can 

U 

i be provided within the intermediate chamber 7. That is to say, when there is 

— 5 

J~ j lateral direction movement only, because the substrate 9 is positioned on the carry 

line, the substrate 9 is moved only to the processing chamber or is returned from 
the load-lock chamber to the atmospheric side, and the carry-in or carry-out 
operation of the next substrate cannot be performed. However, when movement in 
the lateral direction is possible, the substrate 9 can be caused to retreat to an 
appropriate retreated position displaced in the lateral direction from the carry line. 
That is to say, a buffer function can be imparted to the intermediate chamber 7. It 
will be noted that the technological significance of this is fundamentally the same 
with the case of one load-lock chamber as well. 

[00120] In addition, as is described above, the lateral movement mechanism 
carries the substrate 9 toward the side with respect to the direction of carry of the 
plate surface. This configuration is technologically significant in that the occupied 
area of the space in the horizontal direction required for carry is reduced. 
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[00121] That is to say, by adopting a configuration which carries the plate surface 
of the substrate in a state facing the rear or front with respect to the movement 
direction, the width of the space required for carry is equivalent to the width of the 
plate surface of the substrate 9. Accordingly, the size of the space in the 
horizontal direction required for carry is enlarged by comparison to the preferred 
embodiment. For this reason, an increase in size of the entire body of the device 
results; this problem is greater when the substrate 9 is larger. On the other hand, 
based on the configuration of the preferred embodiment, a problem of this kind 
does not arise, and the space required for carry in the horizontal direction is 
minimized. 

[00122] In addition, the above-described configuration contributes to the 
simplification of the gate valves 10. That is to say, the configuration in which the 
plate surface of the substrate 9 is carried in a state facing the front or rear with « 
respect to the direction of movement forms a configuration in which the load-lock 
chambers 11L, 11R and processing chambers 21, 22, 23 are connected to the 
intermediate chamber 7 at the long side section of the square outline thereof. For 
this reason, the size of the opening for the opening and closing of the gates 10 is 
enlarged. Accordingly, when large drive forces for opening and closing are 
required the scale of the gate valves 10 is increased. On the other hand, based on 
the configuration of the preferred embodiment, a problem such as this does not 
arise, and the gate valves 10 can be simplified. 

[00123] As is clear from the description above, in the preferred embodiment, 
normally nine substrate holders 92, 93 are carried into the device and movement of 
the substrate 9 is performed by way of the left right load-lock chambers 11L, 11R 
while processing is performed within the processing chambers 21, 22, 23. 
Accordingly, the productivity is high. It will be noted that a pre-heating of the 
substrate 9 within the intermediate chamber 7 may be performed. 
[00124] In addition, a pressure-adjustment chamber function can be provided in 
the above-described intermediate chamber 7. That is to say, when the pressure 
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difference between the load-lock chambers 11L, 11R and processing chambers 21, 
22, 23 is large, it is preferable that adjustments to and maintenance of the pressure 
in the center of the intermediate chamber 7 be made. In addition, in accordance 
with need, a cooling means can be provided in the intermediate chamber 7 to cool 
the substrate 9 following processing. 

[00125] It will be noted that, in the above-described longitudinal movement 
mechanism configuration, it is preferable that the configuration of the inlet side of 
a guide rail 48 be such as to be able to easily receive the bottom edge of the 
support plates 923, 933 of the support holders 92, 93. That is to say, in the 
longitudinal movement mechanism, although the support holders 92, 93 are moved 
by transfer from the fore-front side guide rail 48 to the front guide rail 48, if the 
bottom edge of the support plates 923, 933 does not slide into the front guide rail 
48 correctly at this time it leads to carry errors. In order to prevent this, taper 
should be provided in the side surfaces of the groove on the inlet side of the guide 
rail 48 to enlarge the opening on the inlet side, wherein the bottom edge of the 
support plates 923, 933 is more easily received. 

[00126] Although three processing chambers 21, 22, 23 are longitudinally- 
provided in the present embodiment mode, the provision of four longitudinally- 
provided processing chambers is possible. In addition, where problems of 
atmosphere contamination arise in the three processing chambers 21, 22, 23 due to 
the dispersion of gas from, for example, the third processing chamber 23 into the 
second processing chamber 22, differential pumping is performed to maintain the 
pressure within the third processing chamber 23 lower by comparison with the 
pressure within the second processing chamber 22. 

[00127] In addition, in the above-described preferred embodiment, although 
substrate holders of a configuration in which different left substrate holders 92 and 
right 93 substrate holders are used, substrate holders of completely identical 
configurations may be used. In this case, the substrate holders are alternately 
moved and returned along either the left-side return carry line 95L or the right- 
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side return carry line 95R. At this time, the "alterations" may constitute one 
alteration of each, or two or more alterations may be used. It will be noted that, 
substrate holders of completely identical configuration refer to substrate holders of 
a configuration in which both the receiver plate 922 of the left substrate holder 92 
shown in Figure 2 and the receiver plate 932 of the right substrate holder 93 
shown in Figure 3 are fixed to the intermediate plate. The two receiver plates 
922, 923, when viewed from the front surface, form an [A]-shaped character. 
[00128] It will be noted that, examples of the substrate 9 processed in the present 
invention include semiconductor wafers for semiconductor device manufacture, 
substrates for display devices such as liquid display or plasma display, substrates 
for information recording mediums such as hard disk, and substrates for printed 
wiring plates. 

[00129] As is described above, based on the present invention because it is an 
interback-type device, that is to say, a configuration in which the substrate is 
inverted in the device and returned to the same side, carry-in and carry-out of the 
substrate to the device is performed on the same side of the device and assembly 
on existing manufactured lines is simple. In addition, because the return cany 
lines are different paths to the outward carry line, and at the least one thereof is 
branched in plurality, the number of processing steps can be increased without 
lengthening the length in the line direction, and productivity is increased. 
[00130] In addition, when the outward carry line is parallel with the return carry 
lines, the layout of the chambers is reformed and unnecessary increase in the 
occupied area can be suppressed. 

[00131] In addition, the point in which the branched return carry lines or outward 
carry line are parallel imparts an effect whereby the layout of the chambers is 
further reformed and unnecessary increase in the occupied area is suppressed. 
[00132] In addition, if the outward carry line and return carry lines are set to pass 
through at least one common vacuum chamber, an effect is obtained in which the 
structure and operation is simplified. 
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[00133] In addition, if the processing within the same processing chambers is 
heat-processing or cooling-processing, the possibility of the generation of the 
problem of processing soiling is low. 

[00134] In addition, if the substrate is carried and processed in a state in which it 
is held vertical or at an angle approaching vertical, a marked effect is obtained in 
suppression of increase of occupied area, the problem of warp of the substrate is 
resolved, and maintenance is made easier. 

[00135] In addition, if the substrate holder holds two substrates simultaneously, 
productivity is doubled by comparison to the case where just one substrate is held. 
[00136] In addition, if the substrate holder holds the substrate at an angle of 60° 
or above, even when two substrates are held, there is no enlarging of the occupied 
area in the horizontal direction compared to the holding of one substrate. 
[00137] In addition, if the number of processing chambers is increased without 
lengthening of the length in the line direction, an effect is obtained in which the 
productivity can be increased. 

[00138] In addition, if the substrate is carried in such a way that the plate surface 
thereof faces the side with respect to the carry line, the occupied area of the space 
in the horizontal direction required for carry can be reduced. 
[00139] While the present invention has been described by reference to the above- 
mentioned embodiments, certain modifications and variations will be evident to 
those or ordinary skill in the art. Therefore, the present invention is limited only 
by the scope and spirit of the appended claims. 



